Vol.  VI 


JULY,  1890 


No.  3 


Journal 

OF  THE 

New- York 

Microscopical  Society. 


EDITED  BY 

Rev.  J.  L.  ZABRISKIE, 
Waverley  Ave.,  Flatbush,  L.  I.,  N.  Y. 


1. 

11. 

m. 


CONTENTS. 


PAGE. 


Fungi  affecting  Fishes.  Saprolegnia. 

By  Samuel  Lockwood,  Ph.D .  67 

Fungi  affecting  Fishes.  Devcea.  By 

Samuel  Lockwood,  Ph.D .  79 

Inaugural  Address.  By  P.  H.  Dud¬ 
ley,  C.  E . 86 


IV.  Staining  enclosed  Sections. 

wig  Riederer . . . 

V.  Proceedings . .  ... 

VI.  Publications  Received . . 


PAGE. 

By  Lud- 

.  88 

.  91 

. .  95 


IJewr  Uorlt: 

PUBLISHED  FOR  THE  SOCIETY, 


QUARTERLY. 


12  College  Place. 


[Entered  at  the  Post-Office  at  New  York  as  second-class  matter.] 


New-York 

Microscopical  Society. 


OFFICERS  FOR  THE  YEAR  1890. 


President,  .  -  -  -  -  -  - 

Vice-President,  - 

Treasurer, 

Recording  Secretary,  - 

Corresponding  Secretary,  ...... 

Committee  on  Admissions. 

W.  R.  Mitchell,  W.  E.  Damon,.  G.  F.  Kunz,  W.  Wales. 


P.  H.  Dudley. 
J.  D.  Hyatt. 
Charles  S.  Shultz. 
Bashford  Dean. 
J.  L.  Zabriskie. 


F.  W.  Devoe, 


Regular  Meetings  on  the  first  and  third  Fridays  of  each  month,  from  October 
to  June,  inclusive,  at  8  P.  M.,  at  No.  64  Madison  Avenue. 

JOURNAL 

— OF  the — 

NEW-YORK  MICROSCOPICAL  SOCIETY 

CONTAINING  ITS  TRANSACTIONS  AND  PROCEEDINGS. 


PUBLISHED  QUARTERLY. 

All  communications  for  the  JOURNAL,  all  subscriptions,  and  all  exchanges, 
should  be  addressed  to  the  editor,  Rev.  J.  L.  Zabriskie,  Waveriey  Avenue, 
Flatbush,  L.  I.,  N.  Y. 

Terms  of  Subscription In  the  United  States  and  Canada,  One  Dollar 
per  annum,  beginning  with  the  January  number.  In  Great  Britain  and  Europe, 
Five  Shillings  per  annum. 

TV  .  P.  Collins,  157  Great  Portland  St.,  London,  England,  agent  for  Great  Britain. 

F.  W.  DEVOE  &  CO., 


(ESTABLISHED  IN  1852.) 


Fulton  Street,  corner  of  William  Street, 


NEW  YORK. 


s 


OF  ALL  KINDS, 


FINE  BROSHES,  MATHEMATICAL  INSTRUMENTS, 


COLORS,  VARNISHES. 


WELLCOME  INSTITUTE 
LIBRARY 

Coll. 

WelMOmee 

Coll. 

No. 

■j 

■ 

JOURN.  N  -Y.  MIC.  SOC.,  July, 


1890 


PLATE  22 


LOCKWOOD  ON  SAPROLEGNIA 


Journal 


OF  THE 

NEW-YORK  MICROSCOPICAL  SOCIETY. 

Vol.  VI.  JULY,  1890.  No.  3. 

FUNGI  AFFECTING  FISHES— AN  AQUARIUM  STUDY. 

First  Paper.  Saprolegnia. 

BY  SAMUEL  LOCKWOOD,  PH.  D. 

{Read  March  7 th,  i8go.) 

Does  it  not  appear  like  the  disciple’s  being  above  his  master 
when  he  rides  his  hobby  at  such  a  technical  rate  that  one  even 
fairly  informed  cannot  keep  up  with  him  ?  But  then  it  seems 
erudite,  and  more  Germanico!  Still,  I  think,  the  light  of  science 
should  not  be  darkness  ;  and  the  most  of  11s  know  how  easy  it 


Description  of  Plate  22. 

I, 1,  Thallus  of  Saprolegnia  ferox.  Its  peculiar  branching  induced  the  drawing.  The 

heavy  lines  show  the  old  plant  ;  the  lighter  ones,  2,  2,  the  part  which  grew 

while  under  observation. - Time,  55  minutes.  The  points,  A,  H,  of  course, 

disappeared,  each  in  the  continuity  of  its  own  cylinder. 

13,  Where  the  two  young  hyphm  met  and  nearly  touched  but  diverged. 

3,  A  cell  in  which  the  protoplasm  has  turned  into  germ,  or  spore-plasma,  and  has 
begun  to  granulate.  4,  A  cell  in  which  granulation  has  advanced.  5 ,  A  spor¬ 
angium,  or  mother-cell,  in  which  the  spores  are  nearly  ripe.  6,  A  sporangium 
from  which  the  zoospores  are  escaping,  as  motile,  or  swarm-spores.  In  this  cell 
are  six  spores  unable  to  leave.  7,  Three  zoospores  greatly  enlarged,  showing 
their  cilia,  and  general  amoeboid  condition.  8,  The  same,  having  become  spher¬ 
ical  and  invested  in  a  membraneous  shell,  and  now  germinating. 

!),  A  forthcoming  sporangium  growing  through  the  remains  of  an  empty  sporangium, 
such  as  may  be  predicated  of  cell  4,  when  cell  5  is  empty. 

IO,  An  oogonium  in  which  the  protoplasm  has  become  spore-plasma  and  is  granu¬ 
lating. 

II,  An  oogonium  whose  contents  have  been  taken  up  in  making  two  oospheres,  which 

are  to  be  the  ultimate  spores  of  this  Saprolegnia  ferox. 

12,  An  oogonium  full  of  oospheres,  the  crowding  of  which  is  lengthening  the  capsule 
at  the  top,  where  the  rent  will  occur  for  the  emission  of  the  spores.  These  oogo- 
nia  in  the  specimens  studied  were  much  varied  in  form,  some  being  almost  cylin¬ 
drical,  some  globular,  the  normal  form  being  flask-like. 
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is  to  follow  the  great  masters  of  knowledge.  Your  reader,  who 
is  not  a  fungologist,  without  pretending  to  much  that  is  new,  will 
try  to  tell  in  a  comprehensible  way,  the  story  of  what  was  seen 
and  done  in  a  winter’s  attention  to  the  sick  fishes  in  his  aquaria. 
Happily,  this  much  can  be  safely  promised:  However  threatening 
may  be  a  theme  dealing  with  disease  and  death  among  one’s 
pets,  our  subject  shall  not  be  repulsive,  though  it  is  true  that  in 
such,  or  kindred  pursuits,  the  inquirer  does  upon  occasion  find 
himself  a  little  tried. 

A  very  pretty  thing  is  one  of  these  microscopic  fungi,  and  in 
some  roles  they  are  the  elfins  of  goodness.  But  alas  they  do 
sometimes  appear  as  sprites  of  malevolence  ;  for  how  often  does 
the  student  see  them  in  unlovable  situations,  almost  dampening 
his  devotion  with  disgust,  if  not  tempting  to  an  outburst  of  mild 
profanity.  He  has  mounted  a  precious  rarity  in  a  dry  cell.  It 
proves  a  “sell ’’that  is  not  dry — but  serious.  There  was  just 
enough  moisture  in  that  little  air-tight  chamber  to  nourish  a 
mischievous  stowaway,  a  concealed  fungus  spore,  and  the  rarity 
is  enveloped  in  a  shroud  of  mold.  I  recall  a  scene.  I  was  at 
my  summer  retreat,  and  the  obliging  postmaster  at  home  had 
forwarded  a  little  box  stamped  at  letter  rates.  Boniface  Pry 
followed  me  to  my  room  against  my  wish.  The  opened  pack¬ 
age  contained  a  dead  mouse,  killed  by  a  fungus.  The  stench 
emitted  on  opening  the  box  was  indescribable,  driving  my  host 
to  the  outer  door,  where,  pinching  his  nostrils  with  thumb  and 
finger,  and  mistaking  my  interest  for  insensibility,  he  exclaimed: 
“  Can  you  to-lu-rate  that  o-di-us  smell?”  How  singular  !  The 
man’s  dialect,  especially  his  peculiar  prolongation  of  the  vowels 
suggested  a  scientific  diagnosis.  Yes,  that  fungus  which  killed 
the  mouse  had  been  pronounced  either  a  Torula,  or  an  Oidium. 

Previous  to  the  above  event,  Dr.  Leidy  had  exhibited  at  a 
meeting  of  the  Philadelphia  Academy  of  the  Natural  Sciences  a 
mouse  caught  in  the  children’s  department  of  the  Blocksley 


14,  An  oogonium,  showing  the  antheridium  fertilizing  the  oospheres.  After  De  Bary. 

15,  A  broken  hypha,  showing  two  cells  with  the  granulation  of  the  protoplasm  well 

advanced.  It  was  in  these  cells  that  the  phenomenon  of  cyclosis  was  witnessed. 

16,  17,  Curious  abnormal  forms  of  sporangiae.  In  16  the  septa  is  below  the  elbow, 

and  in  17  it  is  above. 

18,  A  branched  hypha;  below  is  a  small  incipient  sporangium,  and  at  the  apex 
another,  with  what  seems  to  be  an  incipient  oogonium  at  each  side. 

In  this  plate  no  attention  has  been  given  to  the  magnification. 
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Hospital.  The  ears,  nose,  and  side  of  the  face  were  covered 
with  a  white  mold,  which  had  eaten  into  the  flesh.  The  Doctor 
thought  it  resembled  the  Aphtha,  or  thrush  fungus.  He  even  in¬ 
timated  that  the  animal  might  have  been  eating  crumbs  dropped 
by  children  having  the  thrush. 

The  role  of  these  microscopical  fungi  is  universal,  in  the 
earth,  the  waters,  and  the  air.  No  class  of  animal  or  vegetable 
form  is  exempt  from  these  minute  parasites,  and  descending  to 
their  relatives,  the  microbes,  we  reach  the  propagators  of  the 
pestilence  in  man  and  beast,  as  the  thrush  fungus,  Oidium , 
or  Saccharomyces  albicans ,  which  attacks  the  mucous  membrane 
of  the  mouth  and  throat  of  children.  But  the  fungus  which 
causes  the  skin  disease  known  as  favus,  the  Achorion  Schoen- 
leinii ,  is  much  like  a  Torula ,  and  is  often  fatal  to  rodents,  and  the 
distance  is  not  far  from  this  parasitic  aerial  mold  to  the  parasitic 
aquatic  mold,  represented  by  the  Saproleg?iice ,  which  beget  terrible 
skin  diseases  on  the  cold-blooded  animals,  newts,  frogs,  and  fishes. 

Last  October  a  friend  in  Trenton,  N.  J.,  caught  for  my  aqua¬ 
rium  a  number  of  the  two  species  of  sunfish,  Enneacanthus  sim- 
ulans ,  the  spotted  sunfish  and  Mesogonistius  chcetodon ,  the  black - 
banded  sunfish.  To  await  my  coming  for  them  they  were  put 
in  a  tub  in  the  yard,  supplied  with  the  city  water  from  the  Dela¬ 
ware  When  I  called  it  turned  out  that  many  of  them  were  at¬ 
tacked  by  the  fungus,  which  afterwards  proved  to  be  chiefly 
Saprolegnia  ferox.  I  picked  out  eighteen  that  seemed  to  be  un¬ 
affected.  These  were  introduced  into  a  large  aquarium,  con¬ 
taining  already  some  fifty  fishes  of  ten  species.  Alas  !  it  was 
soon  evident  that  the  pestilence  had  invaded  the  little  commu¬ 
nity.  In  three  days  I  could  see  the  mold  whitening  on  some  of 
the  Trenton  fishes.  Another  aquarium  was  arranged  at  once  as 
a  quarantine,  into  which  every  infected  fish  was  put  as  fast  as 
detected.  Besides  the  two  sunfishes  mentioned,  I  already  had 
another  species  in  the  tank,  Lepo?nis  gibbosus ,  the  common  pump¬ 
kin-seed.  Curiously  the  inmates  of  the  hospital  were  all  sun- 
fishes  excepting  a  pirate  perch.  My  treatment  was  painfully 
unsuccessful.  In  about  six  weeks  I  had  lost  twenty-four  sun- 
fishes  by  the  fungus.  This  included  all  my  Trenton  fishes,  save 
a  solitary  one — an  adult.1  I  had  even  at  intervals  emptied,  and 

1.  Since  the  above  was  read  to  the  Society  I  find  that  a  pirate  perch  has  succumbed 
to  the  fungus. 
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as  thoroughly  as  I  could,  cleaned  out  the  quarantine  hospital. 
I  also  had  a  still  smaller  aquarium  into  which  I  removed  from 
the  hospital  such  as  I  thought  might  be  convalescing. 

It  must  be  that  there  are  constitutional  differences  in  fishes, 
even  of  the  same  species.  The  one  I  saved  was  an  adult  black- 
banded  sunfish.  Supposing  it  to  be  cured,  I  restored  it  to  the 
large  aquarium,  and  in  three  days  I  saw  symptoms  of  a  second 
attack  of  the  malady.  The  fishes  thus  suffering  would  rub 
themselves  by  swimming  rapidly  against  a  stone.  But  this  could 
only  touch  the  sides  of  the  animal;  thus  the  head  and  back  would 
have  an  unbroken  white  coating  not  unlike  cotton.  I  hastily 
returned  the  “  Bandie  ”  to  the  hospital,  where  he  soon  improved, 
and  was  then  transferred  to  the  little  aquarium,  which  I  called 
the  sanitarium,  and  was  allowed  to  stay  there;  thus  a  complete 
cure  was  effected. 

So  far  as  my  time  would  permit  I  submitted  specimens  of  the 
fungus  to  the  microscope,  and  was  rewarded  with  some  good 
displays  of  the  methods  of  growth,  and  although  not  altogether 
original,  it  will,  I  hope,  not  be  amiss  if  in  a  brief  way  the  life 
progress  of  the  plant  be  given. 

Reference  has  been  made  to  the  Aphtha ,  or  the  parasitic  fun¬ 
gus  of  thrush.  This  is  known  as  a  sprouting  fungus.  The 
spores  arranged  in  irregular  rows,  each  sprouts  at  one  end,  not 
unlike  grains  of  wheat.  Suppose  a  row  of  such  grains,  each  one 
just  where  it  grew,  bursting  and  sprouting,  first  on  one  side  of 
the  row,  then  on  the  other,  that  is,  alternating  though  irregularly, 
and  we  should  have  a  fair  picture  of  the  process.  But  our  para¬ 
sitic  Saprolegnia  proceeds  very  differently.  The  motile  spores,  or 
zoospores,  we  will  suppose,  have  swarmed,  and  escaped,  or  been 
emitted  from  their  sporangium,  or  generative  sac.  They  are 
now  on  their  travels  in  the  water,  for  each  one  has  its  propelling 
cilia.  Having  found  a  staying  place  and  undergone  a  change, 
to  be  described,  either  immediately  or  after  due  waiting,  germi¬ 
nation  begins.  A  slight  pimple  appears  on  the  surface  of  the 
spore.  It  is  not  a  bud  or  a  sprout  protending  through  a  dehis¬ 
cence,  as  in  a  seed  but  a  pushing  out  of  the  skin  itself,  until  it 
is  prolonged  into  a  little  tube,  like  the  finger  of  a  glove.  This 
tube  grows,  becoming  a  mycelium  or  hypha,  really  a  hollow  or 
tubular  thread.  Of  these  thread-tubes  or  filaments,  is  the  plant 
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mass  or  vegetative  system  of  our  fungus  chiefly  composed.  The 
base  of  each  mycelium  is  rhyzoid,  that  is,  though  not  in  form,  it 
is  in  function  root-like  ;  for  as  rootlets  these  basal  ends  pene¬ 
trate  the  solid  tissues,  and  suck  or  extract  the  nitrogenous  nutri¬ 
ment.  We  may  call  the  outer  parts  the  fronds  or  branches, 
as  they  are  the  fruit-bearers,  the  spore  capsules,  of  which  our 
Saprolegnia  has  two  kinds  on  the  same  plant.  One  of  these, 
borne  at  the  end  of  the  hypha,  is  club-shaped,  or  with  its  hollow 
support  looking  in  the  microscope  exactly  like  a  miniature  bull- 
rush.  This  is  called  a  sporangium,  and  its  contained  seed-like 
bodies  are  known  as  motile  spores,  or  zoospores,  because  of  cer¬ 
tain  animal-like  movements. 

There  is  another  kind  of  capsule,  usually  terminating  a  short 
hypha.  It  is  usually  flask-shaped,  though  sometimes  globular. 
This  is  known  as  an  oogonium,  literally,  egg-bearer.  Its  con¬ 
tained  round  bodies  are  called  oospheres,  or  egg-spheres.  They 
are  much  larger  than  the  zoospores,  and  these  quasi  animal  ap¬ 
pellations  are  given  them  because  they  have  to  be  fertilized,  un¬ 
like  the  seedlets  in  the  sporangium,  already  noticed  as  zoospores, 
or  motile  spores.  In  a  word  these  tiny  oospheres  have  a  similar 
necessity  to  the  ovule  in  a  flower,  which  owes  its  life  force  to  the 
pollen  from  the  anther.  So  to  meet  this  need  in  our  fungus 
capsule  a  bud  is  seen  to  grow  from  the  pedicle  or  neck  of  the 
oogonium,  that  is,  the  capsule  containing  the  spores.  This  curious 
organ  grows  rapidly,  and  is  developed  simply  in  the  nick  of 
time;  that  is,  when  the  oospheres  are  just  on  the  eve  of  maturity. 
At  first  it  is  merely  a  little  tube,  just  long  enough  for  its  tip  to 
reach  the  flask-like  capsule  above  it.  Now  a  change  rapidly 
occurs.  A  septa  or  dividing  plate  grows  in  the  tube,  thus  mak¬ 
ing  the  upper  end  a  cell.  This  is  filled  with  protoplasm,  which 
now  separated  from  the  protoplasm  below  the  septa,  is  affected 
by  some  special  action  of  organic  chemistry,  and  becomes  a  lit¬ 
tle  opaque,  and  changes  into  a  substance  known  as  gonoplasm. 
It  is  now  charged  with  a  communicable  life  essence.  At  this 
point  of  time,  from  the  centre  of  the  disc  made  by  the  tip  of  the 
cell  flattened  against  the  outer  wall  of  the  capsule,  the  tube  in  a 
much  smaller  diameter,  thus  having  a  shoulder  around  it,  is 
lengthened,  penetrating  the  oogonium  at  a  weak  spot  until  the 
tip  of  this  tube  so  lengthened  reaches  the  nearest  one  of  the  con- 
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tained  oospheres.  It  gently  touches  this  little  spherical  mass  of 
naked  protoplasm,  the  nucleus  of  which  coalesces  with  the  im¬ 
ported  gonoplasm.  The  oosphere  now  takes  on  a  covering,  and 
thus  becomes  a  cell,  and  is  endowed  with  a  peculiar  life  force, 
and  is  recognized  as  an  oospore.  It  is  complete,  and  for  its  own 
species,  the  ultimate  or  highest  possible  productive  spore.  As 
such,  though  perhaps  indefinite,  it  has  an  advantage  over  the 
zoospore,  and  with  this  superiority  it  starts  on  its  own  career. 
As  to  that  little  fertilizing  organism,  because  of  its  likeness  in 
function  to  th^t  of  the  anther  in  a  flower,  it  is  called  an  anther- 
idium. 

One  must  feel  assured  that  this  complexity  of  mechanism  is 
not  a  superfluity  of  nature.  In  the  long  run  this  organic  inter¬ 
relation  is  indispensable  to  the  continuance  of  the  species  in  its 
normal  integrity,  yet  these  lowly  plants  are  possessed  of  a 
marvelous  plasticity  of  accommodation  to  the  situation  of 
circumstance.  The  Saprolegnia  can  be  a  saprophyte,  that  is,  a 
dweller  on  some  inorganic  thing,  a  stick  or  a  stone.  But  it  only 
revels  in  its  life  role  as  a  parasite,  its  host  being  a  living  thing. 
So  for  a  while  there  seems  at  times  an  arrest,  or  break  in  the 
process  of  development.  The  symbiosis  of  the  brood-sac  is 
dispensed  with,  and  the  simple  sporangium  capsule  with  its  mo¬ 
tile  spores  is  made  to  suffice.  The  play  of  life  is  for  the  oc¬ 
casion  gone  through,  with  the  prince  left  out,  or  perhaps  the 
metaphor  is  more  apposite,  the  establishment  while  awaiting 
developments  is  content  to  graduate  sophomores. 

A  fungus,  as  we  are  now  considering  it,  is  a  vegetative  body 
without  stem  or  leaf,  and  such  a  body,  not  reckoning  the  parts 
necessary  for  fructification,  is  called  a  thallus.  This  is  com¬ 
posed  of  cylindrical  threads  or  filaments  which  sometimes 
branch.  They  are  really  tubular  membranes  filled  with 
protoplasm,  and  growing  or  lengthening  at  the  apical  end. 
Each  thread  may  be  called  a  hypha,  while  a  mycelium  may 
consist  of  one  or  more  hyphae.  As  the  hypha  lengthens  septate 
divisions  occur  in  the  tube,  thus  separating  it  into  cylindrical 
cells  ;  and  these  may  become  spore-sacs,  the  top  one  developing 
first. 

The  saprolegnia  mold  is  usually  a  floccus  of  straight  threads, 
standing  out  like  hair.  Noticing  in  some  fungus  just  taken 
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from  a  dying  fish,  that  the  mycelia  were  very  much  branched, 
I  undertook  to  draw  a  plant  as  seen  under  the  micro¬ 
scope,  Truly  I  was  entertained  with  an  interesting  sight.  I  got 
badly  bothered  on  my  drawing,  being  somehow  unable  to  keep 
the  parts  in  their  relative  proportion.  It  was  as  if  an  artist, 
after  outlining  a  face,  should  find  the  nose  lengthening  to  ele¬ 
phantine  dimensions.  The  truth  was,  I  was  attempting  to  draw 
some  mature  hyphae,  unconscious  of  the  fact  that  young  hyphae 
were  growing  under  my  eyes.  Of  course,  while  the  older  parts 
of  the  plant  remained  stationary,  the  young  parts  kept  advanc¬ 
ing  in  the  field  because  they  were  growing,  thus  lengthening. 
My  first  assurance  of  this  was  that  a  spur  or  bud-like  projection 
from  a  hypha  which  I  had  drawn  had  begun  lengthening,  and 
had  become  a  young  hypha  itself.  I  at  once  noted  the  time  my 
observations  extended  through,  fifty-four  minutes  by  the  watch. 
It  is  like  witnessing  the  work  of  a  mysterious  hidden  hand, 
when  one  follows  this  steady  growth.  How  noiselessly  the 
hyaline  cylindrical  thread,  with  its  membraneous  wall  of  cell¬ 
ulose  lengthens  !  And  how  is  it  done  ?  All  the  time  it  is  full 
of  that  subtle  life-stuff,  protoplasm.  Now  I  see  it  swelling  out 
at  one  spot  like  a  bud  ;  this  elongates,  and  in  fact  branches.  It 
is  also  noticeable  that  here  and  there  a  septum  forms  dividing 
the  cylinder  into  sections  or  cells.  The  contents  of  these  cells 
become  increasingly  opaque  ;  for  the  molecules  of  the  invisible 
protoplasm  are  now  aggregating  into  visible  granules.  This 
differentiation  is  the  most  advanced  in  the  apical  or  top-most 
cell,  for  here  the  granules  are  further  aggregated  into  roundish 
masses  of  granules.  These  when  ripe  will  be  the  sporules,  or 
zoospores.  The  cylindrical  cell  which  now  contains  them  is 
their  sporangium.  And  here  two  facts  are  observable :  the  enlarg¬ 
ing  of  these  immature  sporules  produces  a  crowded  situation,  so 
that  for  a  while  their  form  is  affected  from  squeezing.  They 
are  a  little  polygonal  instead  of  spherical,  and  the  other  interest¬ 
ing  fact  is  that  the  cell  must  expand  under  this  internal  pressure  ; 
hence  we  have  in  form  the  head  of  a  bullrush.  A  moment 
comes  when  under  this  internal  pressure  there  is  produced  a 
crack  or  slit  at  the  tip.  With  the  inlet  of  pure  water  and  free 
oxygen,  there  comes  a  sudden  and  final  expansion  of  the 
sporules,  and  a  resulting  escape  at  the  apex  of  the  sporangium. 
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It  was  a  very  interesting  sight  when  I  saw  for  the  first  time 
this  emission  of  the  sporidia  from  the  sporangium  or  mother¬ 
cell.  All  kinds  of  similitudes  came  to  mind,  from  that  of  bees 
swarming,  to  the  letting  out  of  an  unruly  rural  school.  Like 
the  latter,  it  was  a  quasi  jail  delivery.  It  is  a  real  liberation  of 
the  sporules.  The  disquietude  begins  at  the  back  seats,  or 
dropping  figures  at  the  bottom  of  the  capsule,  or  sporangium. 
The  commotion  thence  ascends  until  those  at  top  are  affected, 
when  at  the  small  opening  these  motile  spores  rush  out  in  a 
swarm  and  sail  dispersedly  away.  I  noticed  a  few,  maybe  six, 
remaining  in  the  evacuated  capsule.  They  seemed  uneasy. 
The  opening  at  the  top  of  the  sporangium  had  closed.  Though 
showing  movement,  they  had  lost  the  momentarily  given  im¬ 
pulse  which  enabled  the  others  to  squeeze  through,  and  “  get 
out.  It  was  the  old  adage  of  “time  and  tide  ”  over  again,  for 
they  were  “  kep’  in.” 

Here  I  will  quote  Hines’  description  :  “Just  before  escaping 
the  zoospores  at  the  base  always  take  on  an  oscillating  motion, 
which  passes  to  the  zoospores  next  above,  and  so  on  to  the 
summit,  causing  such  a  pressure  that  in  less  than  a  minute  the 
power  is  such  as  to  cause  a  rupturing  of  the  sporangium,  which 
in  normal  conditions  always  takes  place  at  the  summit.  The 
zoospores  now  pass  out  at  first  very  rapidly,  so  that  it  is  im¬ 
possible  to  count  them,  but  when  about  one-half  out  they  be¬ 
come  more  quiet,  seldom  losing  their  motion,  however,  until  all 
have  passed  from  the  sac.  In  passing  out  they  are  very  much 
constricted,  so  that  if  any  lose  their  power  of  motion  before 
they  have  escaped,  it  is  impossible  for  them  to  pass  out.  Having 
passed  from  the  sporangium,  which  was  emptied  in  one  minute, 
they  swarmed  around  very  lively  for  nearly  four  minutes,  at  the 
end  of  which  time  they  settled  down,  lost  their  cilia,  and  be¬ 
came  spherical.  At  the  end  of  one  hour  and  thirty  minutes, 
they  had  germinated.” 

1  he  process  of  liberating  the  spores  in  this  species  of 
Saprolegnia  is  much  simpler  than  in  those  species  known  as 
Achy  la.  In  these  the  emitted  spores  gather  at  the  tip  of  the  spor¬ 
angium,  or  place  of  emission,  in  a  globular  cluster-swarm. 
They  are  seemingly  naked  bodies  held  together  by  their  own 
cohesion  ;  but  now  each  spore  is  suddenly  invested  with  a  mem- 
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brane,  which  very  soon  dehisces,  and  out  of  this  spherical  cell 
comes  its  occupant,  somewhat  bean-shaped  or  pseudo-crescent, 
if  you  like,  with  two  cilia  by  which  he  sails  away,  a  bashaw  of 
two  tails,  leaving  his  jacket  behind  him. 

De  Bary,  says  :  “  The  distinguishing  mark  of  the  Sapi'olegnia 
is  that  the  spores  are  in  the  motile  state  as  they  issue  from  the 
sporangium,  and  that  the  branch  of  the  thallus  which  bears  the 
sporangium  grows  through  it  when  it  has  discharged  its  spores.” 
The  walls  of  the  emptied  sporangium  have  become  much 
thinned  through  absorption  by  the  sporidia,  so  that  the  cylindri¬ 
cal  section  below,  which  is  to  become  a  sporangium,  grows 
through  this  emptied  capsule,  becoming  in  its  place  the  apical 
cell.  The  sporules  thus  emitted  are  at  once  motile  spores, 
zoospores,  or  quasi-vitalized  seeds,  ready  to  germinate  after  a 
little  change.  It  is  like  taking  a  shortened  course,  in  which  the 
symbiosis  in  Nature  is  dispensed  with  for  the  nonce  and, 
strictly  speaking,  this  is  nowhere  so  anomalous  as  in  these  very 
fungi,  where  the  laws  01  fructification  are  peculiarly  complex. 
The  common  grape  vine  fungus  now  so  destructive,  passes  in  its 
development  through  eight  stages  or  forms  of  spore,  ere  the 
ultimate  spore  form  is  reached. 

We  have  seen  that  the  motile  spore  or  zoospore  of  the  spor¬ 
angium  plays  much  the  simpler  role.  Yet  even  this  spore  is 
subject  to  curious  changes.  In  the  Saprolegnia  it  emerges  in 
an  ovoid  form,  with  a  pair  of  cilia.  It  is  then  little  more  than 
an  amoeboid.  It  is  not  a  cell  proper.  But  this  may  need  a 
word. 

No  one  has  seen  the  film  which  holds  the  contents  of  the 
dewdrop.  This  is  left  to  conception.  An  amoeba  is  the  sim¬ 
plest  form  of  animal  life — a  speck  of  sarcode,  tissueless,  a 
structureless  living  animal  substance.  Now  when  we  see  it 
pushing  out  pseudopodia  and  retracting  them,  we  must  conceive 
a  peripheral  or  containing  layer  or  film  of  the  protoplasm  or 
sarcode  ;  so  is  it  with  our  motile  ovoid  sporule  when  it  leaves  the 
mother-cell,  the  sporangium.  Its  cilia  are  simply  projected 
tubes  of  the  peripheral  film.  With  these  it  can  turn  upon  itself 
and  propel  itself  also.  Its  travelling  soon  ends,  when  it  comes 
to  rest,  and  its  cilia  are  withdrawn,  in  fact  absorbed.  Very  soon 
this  ovoid  amoeboid  spore  becomes  spherical,  and  is  invested 
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with  a  cellulose  membrane — in  fact  it  has  become  a  globular 
cell.  If  now  excused  further  change  it  pushes  out  a  tubule, 
which  elongates  by  growth.  This  is  its  germination,  and  this 
tubule  becomes  a  hypha,  the  beginning  of  a  new  thallus  or 
plant. 

We  said  if  excused  further  development  ;  for  in  some,  even  at 
this  stage  of  being,  a  spherical  cell,  it  is  denied  the  privilege  of 
germinating.  The  cell  will  crack  open,  the  protoplasm  emerge, 
a  lentil  form  be  taken  on  ;  in  a  word,  it  becomes  a  swarm-spore 
a  second  time  ere  it  becomes  a  germinating  spore. 

This  may  be  seen  in  Fig.  i,  plate  23.  Here  the  spores  are 
invested  with  a  membrane  ;  they  are  cells  of  granular  protoplasm. 
But  they  are  bursting  through  the  sides  of  the  mother-cell,  in¬ 
stead  of  at  the  tip,  and  curiously  they  leave  their  shells  behind 
them — actually  entering  their  aquatic  world  in  an  amoeboid 
condition.  This  seemingly  anomalous  thing  is  a  Dictyuchus ,  an¬ 
other  genus  of  these  Saprolegnice.  A  curious  feature  in  this  spor¬ 
angium  is  the  pressure  of  subsidiary  mother-cells,  for  it  is  cut 
up  into  small  sections. 

With  the  exception  of  the  species  just  described  I  think  all 
were  the  common  Saprolegnui  ferox.  But  the  eccentricities  or 
diversities  of  growth  were  many  and  striking. 

I  found  myself  greatly  interested  in  a  peculiar  exhibition  of 
the  phenomenon  of  cyclosis,  or  circulation  in  these  filament 
cells  of  Saprolegnia.  In  the  early  stages  of  the  granulating  of 
the  protoplasm  in  a  cell  destined  to  be  a  sporangium,  I  observed 
the  circulation,  or  movement  of  the  particles  of  the  granulating 
protoplasm.  The  movement  was  very  lively,  but  not  that  stately 


Description  of  Plate  23. 

1,  A  compound  sporangium  of  Dictyuchus  one  of  the  Saprolegnice.  One  of  the 
spores  is  breaking  through  the  side,  which  is  the  only  way  to  gain  emission,  for 
there  are  several  septse,  making  approach  to  the  apex  impossible,  nor  is  the  r  pex 
of  a  suitable  form  for  such  a  mode  of  escape.  It  was  evident  in  the  original,  and 
is  indicated  in  the  drawing,  that  the  swarm-spores  were  already  invested  each 
with  a  shell,  which  it  left  behind  in  the  mother-cell  or  capsule,  and  entered  the 
swarm  state  in  an  amoeboid  condition. 

The  figures  in  this  plate  were  drawn  from  specimens  mounted  in  glycerine,  and 
the  effect  has  been  to  contract  the  protoplasm,  thus  making  it  leave  the  cell  walls.  The 
object  of  the  drawing  is  to  show  the  variability,  even  eccentricity  of  forms,  and  the 
figures  are  numbered  simply  for  convenience  of  reference.  The  magnification  is  about 
500  diameters. 
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and  almost  rhythmic  flow  or  streaming  which  one  sees  in  Nitella 
and  Vallisnena.  It  seemed  to  me  more  like  the  purposeless  im¬ 
pulse  of  the  motes  in  the  sunbeam.  The  scene  was  very  pretty  ; 
for  though  seemingly  crowded  I  could  not  detect  any  jostling  in 
the  mazy  movement,  which  would  hardly  be  compatible  with  the 
fact  that  these  were  naked  bodies.  There  was  a  glitter,  too, 
which  indicated  a  variation  of  surface  and  an  individual  move¬ 
ment  like  turning  on  an  axis. 

But  in  respect  of  motion  in  these  lowly  plants  there  is  a  sensi¬ 
tiveness  which  is  strikingly  like  instinct.  As  the  several  hyphte 
grew  under  my  eye  two  proceeded  side  by  side,  coming  at  their 
extremities  nearer  and  nearer.  At  last  I  thought  they  must  col¬ 
lide  ;  so,  to  be  in  at  the  catastrophe  I  watched  them  intently. 
But  the  little  things  seemed  to  know  their  interests  better.  They 
came  so  closely  that  I  could  only  just  see  the  space  between 
them,  when,  as  if  each  regarded  the  contiguity  of  the  other  as  un¬ 
desirable,  without  even  touching,  each  at  the  same  instant  started 
for  itself  a  growth  in  a  diverging  curve,  and  thus  they  separated, 
as  if  upon  a  mutual  understanding.  It  certainly  did  look  like 
an  amicable  compact  to  get  out  of  each  other’s  way  quietly. 

Should  it  now  be  asked,  have  we  not  a  fungicide  ?  My  answer 
is  not  favorable.  As  regards  aquarium  fishes  I  have  heard  sug¬ 
gested  the  bathing  them  in  a  solution  of  carbolic  acid.  But 
this  is  impracticable.  X  he  solution  must  be  weak,  it  must  not 
be  allowed  to  touch  the  gills,  and  the  application  must  be  rap¬ 
idly  done.  I  remember  the  late  Dr.  Henry  J.  Rice,  who  in  the 
biological  laboratory  over  Fulton  Market  had  under  his  care 
some  valuable  Japanese  goldfishes  thus  diseased.  He  expressed 
himself  to  me  in  favor  of  this  treatment,  though  in  his  own  tri¬ 
als  it  had  failed  to  save  the  fish,  which  must  succumb  if  the  acid 
is  applied  strong  enough  to  kill  the  fungus.  Let  us  call  it  what 
we  will  vitality,  constitution,  or  what  not — there  is  in  individ¬ 
uals  of  the  same  species  differences  of  power  to  resist  disease. 
Could  an  eagle  unduly  divert  muscle  making  into  wing  growth, 
it  would  become  one  of  the  very  weakest  of  birds.  This  very 
increase  of  pinion  thus  obtained  would  mean  decrease  of  power  ; 
so  is  it  with  these  Japanese  fishes.  The  muscles  have  gone 
largely  into  fins.  Their  owner  is  a  coddled,  weakly  thing.  Let 
disease  attack,  it  is  without  repellant  or  sustaining  power.  Now 
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it  is  very  different  with  this  same  species  in  its  normal  state. 
Among  the  fishes  which  occupied  my  attention  this  past  winter 
were  two  of  these  Crucian  carps  or  gold-fishes,  Carassius  auratus. 
One  of  them  was  the  true  golden,  and  the  other  the  pale  or  sil¬ 
ver  variety.  Neither  of  these  were  affected  by  the  fungus, 
although  about  a  year  previous  the  pale  one  had  a  very  severe 
attack  of  the  Saprolegma.  I  saved  it  by  temporary  isolation 
from  the  rest. 

It  must  be,  I  think,  that  the  oospores  have  in  some  instances 
long  rests,  so  that  they  appear  at  intervals,  even  as  epidemics  ; 
as  for  example,  the  Achyla ,  that  formidable  species  of  the  sapro- 
legnia  group,  which  sometimes  so  greatly  injures  the  salmon. 
What  may  be  the  sufferings  of  these  cold-blooded  creatures  when 
succumbing  to  this  scourge,  one  cannot  say.  To  me  it  has  ap¬ 
peared  to  be  considerable.  Truly  pitiable  is  the  sight  of  one  of 
these  pretty  creatures  when  in  the  throes  of  death  from  an  attack 
of  this  fungus  disease.  Each  fin  is  now  collapsed  like  a  closed 
fan  whose  folds  are  held  in  the  meshes  of  an  agglutinated  web. 
Piom  tail  to  nose  it  is  invested  with  a  white,  gnawing,  morbific 
shroud,  with  here  and  there  a  rent,  disclosing  a  purple-red  patch 
of  scald  beneath.  At  last  this  fatal  flocculence  has  reached  the 
respiratory  functions,  and  the  crimson  gills  grow  livid,  surcharged 
with  the  unaerated  blood,  and  the  erst  rapid  breather  now  gasps 
at  intervals  in  spasmodic  agony,  and  in  a  spasm  expires.  The 
jet  optic  set  in  a  ring  of  gold  seems  to  look  at  me  with  some 
dumb  utterance,  as  if  asking  the  unanswerable  wherefore  ? 
And  there  comes  that  esoteric  whisper  through  the  ages — the 
whole  creation  groaneth,  waiting  for  the  manifestation. 

Occupants  of  the  aquarium  :  Enneacanthus  simulans ,  spotted 
sun-fish.  Mesogonistius  chatodon,  black-banded  sun-fish.  Lepo- 
mis  gibbosus ,  common  sun-fish  or  pumpkin  seed.  Carassius  au¬ 
ratus, ,  crucian  carp,  both  the  gold  and  the  silver  varieties. 
Melanura  pygmoea,  Eastern  mud-fish.  Amiurus  catus,  horn  pout, 
small  catfish.  Erimyzon  susetta ,  chub  sucker,  mullet.  Aphodo- 
derus  say  anus,  pirate  perch.  Catostomus  communis ,  white  sucker. 
Hybognathus  argyntis ,  silvery  minnow.  Notemigonus  chrysolencus , 
shiner.  Tadpoles  or  larval  frogs. 
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FUNGI  AFFECTING  FISHES.— AN  AQUARIUM  STUDY. 

Second  Paper.  Devcea. 

BY  SAMUEL  LOCKWOOD,  PH.  D. 

{Read  March  21st ,  1890.) 

In  July,  1867,  appeared  in  the  American  Naturalist  a  paper 
on  “  The  Sea  Horse  and  its  Young.”  The  article  gave  my 
observations  of  a  male  Sea  Horse,  Hippocampus  heptagonus 
Rafinesaue.  The  almost  eccentric  habits  of  this  grotesque  lit¬ 
tle  marine  fish  induced  a  strong  desire  for  other  living  speci¬ 
mens  in  order  to  learn  more  about  it.  In  the  fall  of  1884,  after 
seventeen  years  of  waiting,  I  obtained  a  fine  female.  It  proved 
very  interesting,  but  died  in  February  of  the  ensuing  year.  In 
1887,  the  American  Naturalist  contained  my  second  paper  on 
this  fish  under  the  title  :  “More  About  the  Sea  Horse,”  from 


Description  of  Plate  24. 

The  figures  of  this  plate  show  that  while  the  funnel  pattern  prevails  in  Devoea  the 
ra"ge  in  variation  of  the  type  is  great. 

Figs.  1,  6,  7,9 ,  10,  14,  15,  17, 19,  20,  21,  22, 35  show  this  sporangiform  plant  or 
thallus,  with  its  cap  or  operculum.  The  extremes  of  form  of  the  cap  appear  in 
14  and  17. 

2,  5,  8,  12,  27,  31,  33,  45,  51,  57,  swarm-spores  at  different  stages. 

3,  A  spore-swarm  lifting  off  the  cover  of  the  sporangium. 

49,  A  spore-swarm  leaving  the  mother-cell.  These  are  enlarged  much  beyond  the 
scale  of  the  other  figures.  To  the  left  is  a  very  large  spore,  suggestive  of  an 
oospore  ! 

21,  A  patch  of  thalli,  of  abnormal  forms.  To  the  left  of  21,  also  in  4,  18  and  28, 
are  epitheloidal  looking  bodies,  which  I  think  are  the  faces  of  these  sporan- 
goid  thalli  distorted  by  pressure,  or  growth  crowding. 

25,  47,  Show  five  emptied  sporangia,  with  sharp  rims,  and  symmetrical  forms. 

30,  34,  Empty  sporangia.  The  contents  seem  denser,  hence  the  deeper  shading.  This 
feature  is  seen  also  in  11,  24,  26,  39,  and  in  a  less  degree  in  others. 

19,  Adherent  spores.  Too  large  for  zoospores. 

6,  These  doubtful  my celia  show  the  only  instance  of  even  a  dubious  appearance  of 
rootlets. 

The  variations  of  form  at  the  aperture  are  interesting.  Figs.  23  and  46  show  a 
wide,  flattish  top  of  sporangium  with  small  aperture.  26,  48,  51,  with  conical  sur¬ 
rounding  of  aperture.  30,  34,  neck  of  aperture  cylindrical.  50,  abruptly  shoul¬ 
dered.  25,  47,  lip  of  aperture  thin,  or  sharp,  and  excurvate.  3,  5,  54,  incurvate 
lip  of  aperture,  the  typical  form. 

12,  58,  Each  with  a  quadrifid  aperture.  A  very  eccentric  form.  The  figures  are 
magnified  from  700  to  900  diameters. 
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which  let  us  make  a  short  extract.  Having  spoken  of  an  “  in¬ 
tense  sympathy  ”  with  the  little  creature,  this  is  added: 

“  Alas,  there  was  now  too  much  ground  for  sympathy, — a  ter¬ 
rible  malady  had  begun  to  take  hold  of  the  poor  thing.  The  face 
took  on  a  comical  aspect.  On  each  side  rose  a  swelling  as  if 
she  had  the  mumps.  With  a  hand-lens  I  found  that  these  were 
blisters,  white  vesicles,  and  so  buoyant  as  to  annoy  her  by  pro¬ 
ducing  eccentric  movements.  I  contrived  to  pierce  them  with  a 
needle,  and  so  to  let  out  the  confined  gas.  This  gave  immediate 
relief.  But  they  came  again,  and  by  and  by  my  surgery  did  not 
avail.  They  increased,  and  the  buoyancy  would  raise  it  to  the 
surface,  and  the  little  sufferer  despite  all  help  would  float.  And 
so  it  was  on  the  last  day  of  February  at  an  early  hour  I  found 
poor  Hippie  afloat  on  her  beam  ends  and  dead.  I  had  her  alive 
just  four  months.’' 

I  was  much  surprised  at  this  appearance  of  a  severe  skin 
disease,  which  extended  over  the  entire  body.  It  seemed  to  me 
a  malignant  scurvy.  The  strange  thing  was  the  presence  of  those 
white  vesicles,  or  blisters,  which  actually  raised  it  so  high  that  it 
would  float  on  its  side  at  the  surface,  making  it  impossible  for 
the  fish  to  sink.  A  puncture  of  each  blister  with  a  needle  would 
relieve  the  sufferer,  which  at  once  would  descend  in  the  water. 
The  error  into  which  I  fell  is  now  apparent.  I  supposed  that 
the  fish  was  ailing  from  an  internal  source,  such  as  a  blood  dis¬ 
ease.  I  am  now  certain  that  had  I  used  the  microscope  upon  a 
scraping  from  the  skin,  the  cause  would  have  proved  to  be  ex¬ 
ternal,  in  fact,  parasites,  as  with  my  fishes  in  the  fresh  water 
aquarium.  But  in  their  case  the  fungus  could  be  seen  as  a  floc- 
culent  mold.  The  matter  on  this  Hippocampus  could  not  be 
divined  by  the  unaided  eye.  At  its  death,  I  observed  that  under 
each  vesicle  was  a  spot  of  effused,  or  extravasated  blood,  and  so 
the  hypothesis  was  docketed  in  memory  of  a  scorbutic  affection. 

In  the  autumn  of  1889,  I  was  the  fortunate  possessor  of  four 
living  female  Sea  Horses  ;  I  was  resolved  to  do  my  very  utmost 
to  make  life  possible  and  pleasant  for  my  new  pets.  But  these 
quaint  creatures  are  to  the  utmost  dainty  and  particular.  One 
cannot  feed  them  as  he  does  other  fishes.  Their  tubular  mouths 
take  in  the  invisible  organisms  of  the  water;  in  a  word  their  food 
is  microscopic.  So  for  their  sole  occupancy,  I  started  three  small 
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marine  aquaria — oxydizing  the  water  with  the  two  algae,  the  green 
sea  lettuce,  Ulvalatissima  and  the  red  coral  like  Gracilaria  multi- 
partita.  Soon  the  infusoria  appeared,  and  soon  after  came  fine 
crops  of  diatoms.  My  plan  was  to  put  the  four  fishes  into  one 
of  these  small  aquaria,  allowing  them  possession  until  I  supposed 
their  food  was  reduced  ;  then  I  transferred  them  to  another,  and 
in  time  to  the  third,  after  which  they  went  back  to  No.  1.  By 
this  routine  or  interchange  their  supply  of  food  was  sustained, 
the  water  being  kept  well  stocked  with  microscopic  life. 

In  about  four  months,  I  made  what  seemed  to  me  an  interest¬ 
ing  observation.  It  was  the  fact  that  these  little  creatures  had 
the  faculty  of  mimicry.  In  respect  of  color,  their  normal  hue 
was  that  of  a  slaty  or  yellowish  grey.  From  this  they  could  take 
on  two  extremes,  becoming  either  almost  black,  or  even  an  ashy 
white.  This  latter  fact  led  to  a  deception,  for  noticing  in  one 
of  the  Hippocampi  certain  white  spots  of  rather  long  continu¬ 
ance,  I  misinterpreted  the  fact — as  partial,  or  deceptive  mim¬ 
icry.  At  length  I  beheld  to  my  dismay,  a  white  blister,  with 
some  indications  of  uneasiness  by  the  fish.  It  recalled  the  ex¬ 
perience  of  two  years  before.  The  vesicle  was  at  once  pricked 
with  a  needle — but  the  malady  spread  over  the  body,  when  it 
soon  died. 

As  I  was  then  in  the  midst  of  my  study  of  Saprolegnia,  I  lost 
no  time^  in  getting  an  almost  invisible  scraping  of  the  skin 
under  the  microscope,  when  lo  !  my  scorbutic  hypothesis  “  went 
up”  leaving  me  with  another  fungus  of  a  singular  character  on 
my  hands.  In  size  the  new  plant  compared  with  the  Saprolegnia 
was  as  the  little  fern  to  the  sturdy  pine  under  whose  shade  it 
has  grown. 

I  found  some  difficulty  in  the  study  of  this  object  due  to  its 
extreme  minuteness,  and  the  crystalizing  of  the  salt  in  the  sea¬ 
water  which  would  proceed  in  each  mount,  thus  burying  or 
breaking  up  the  plant.  It  became  necessary  to  wash  away  the 
salt,  to  the  cruel  cost  of  a  sad  waste  of  material,  and  a  pitiful 
destruction  of  the  natural  grouping.  With  these  disadvantages, 
after  a  number  of  trials  some  success  was  achieved  in  eliminat¬ 
ing  the  salt,  and  some  fair  mounts  were  made  in  carbolated 
glycerine. 

In  a  few  days  another  fish  died,  and  in  about  three  weeks  all 
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were  dead.  I  was  hampered  with  the  smallness  of  the  speci¬ 
mens,  and  the  extreme  limitation  of  material,  and  the  fact  that  1 
did  not  succeed  in  getting  a  growing  slide.  As  to  the  size  and 
transparency  of  these  fungi,  it  was  observable  that  though  the 
fish  for  a  while  before  and  after  death  were  ashen  white  wher¬ 
ever  the  fungus  had  attacked,  yet  upon  being  dried,  the  natural 
dark  color  of  the  skin  returned,  and  the  fungus  seemed  to  have 
gone  off  in  the  air. 

Mounted  specimens  were  sent  to  several  eminent  fungologists, 
two  of  whom,  to  my  surprise,  ventured  the  guess  that  they  were 
allied  to  the  Saprolegnice.  This  surmise  could  only  come  from 
the  fact  of  similarity  of  habitat.  A  mount  was  sent  to  the 
distinguished  specialist,  Dr.  M.  C.  Cooke,  who  wrote  that  he 
failed  to  find  the  specimen  on  the  slide  ;  which  was  to  me  quite 
a  disappointment. 

Speaking  generally  these  minute  plants  are  funnel- formed, 
though  the  short  quasi-stem  ends  in  an  imperforate  point. 
Hence  a  friend  on  viewing  them  in  the  microscope  called  them 
little  cornucopias.  But  these  tiny  wine-glasses  with  no  bottoms 
or  supports,  how  are  they  to  stand  up  ?  A  funnel  or  cornucopia 
could  be  made  to  stand  erect,  if  the  bottom  were  stuck  in  the 
ground.  It  really  seems  that  it  is  the  way  this  fungus  secures 
attachment  by  the  imperforate  point  or  end  penetrating  the  epi¬ 
dermis  of  the  fish.  As  these  are  so  close  together  th^ir  upper 
parts,  when  a  patch  is  put  in  the  microscope,  present  the  appear¬ 
ance  of  a  plane  of  scales,  instead  of  the  cottony  flocci  of  the 
SaprolegnicE;  sometimes  these  little  cups  are  so  crowded  or 
squeezed  that  instead  of  presenting  to  the  eye  looking  down  the 
instrument  upon  them  a  plane  of  circles,  they  have  the  aspect  of 
polygonals. 

As  to  the  fungus  attaching  itself  by  the  point  of  its  short  stem, 
the  little  bend  or  curve  sometimes  suggestive  of  a  hook,  might 
perhaps,  from  the  vast  numbers  in  a  series,  serve  as  a  multiple 
holdfast.  But  the  usual  economy  of  a  fungus  is  an  apparatus  of 
rootlets  or  rhizoid  mycelia.  As  I  have  been  unable  to  detect 
such  a  holdfast  may  not  its  cup-like  thallus  suggest  hair-like 
surroundings  of  the  pointed  base  of  the  plant,  each  rhizoidal 
hair  with  a  cup-like  ending  or  sucker,  not  unlike  the  attachment 
of  Empusa  musccz ,  the  fly  fungus  on  the  window  pane;  for  though 
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De  Bary  has  relegated  it  “to  the  history  of  errors,”  the  notion  is 
not  extinct  that  the  aerial  mold  Empusa  is  but  a  condition  of  the 
aquatic  mold  Saprolegnia. 

This  cup-like  plant  is  surmounted  by  a  lid  or  operculum,  very 
suggestive  of  that  to  the  capsule  of  a  moss.  It  lacks  the  sym¬ 
metry  of  the  latter — being  sometimes  a  relatively  short  cone, 
and  at  other  times  quite  long.  The  rim  or  edge  of  the  cup  is 
inflected,  so  that  the  aperture  into  which  the  lid  fits  is  not  nearly 
so  wide  as  the  diameter  at  the  face.  Over  this  opening  sits  the 
operculum,  thus  giving  the  appearance  of  two  funnels,  with  their 
apertures  facing  each  other,  the  smaller  one  being  uppermost. 

The  above  is  the  position  until  fructification  is  complete, 
when  the  sporidia  become  a  heap,  rising  into  the  operculum  or 
cap,  and  lifting  it  up  and  off.  They  are  now  a  spore-swarm,  and 
as  such  are  quite  large  when  compared  with  the  size  of  the 
parent  thallus,  but  individually  they  are  so  small  that  a  magnifi¬ 
cation  of  about  900  diameters  gave  only  limited  details  of 
structure. 

It  thus  appears  that  the  thallus,  or  entire  plant  is  a  mother¬ 
cell  or  capsule;  in  fact  I  believe  it  is  a  compound  sporangium.  I 
have  seen  numbers  of  these  emptied  capsules  open  or  split  down 
one  side,  from  the  aperture.  'These  seeming  rents  revealed  lines 
irregularly  parallel,  and  lengthwise  of  the  sporangial  capsule. 
These  are  each  attached  by  one  edge  to  the  inner  wall  of  the 
capsule  like  the  gills  in  the  pileus  of  a  mushroom,  or  any 
agaricoid  fungus.  These  .laminae  do  not  reach  across  the  cap¬ 
sule;  thus  they  form  a  well-like  space  under  the  opening  or  out¬ 
let  which  is  covered  by  the  cap  or  operculum.  It  seems  to  me 
that  the  spaces  between  these  laminae  serve  for  sporific  or  quasi- 
hymeneal  planes,  from  which  the  sporidia  are  discharged  into 
the  central  part,  or  well  of  the  sporangial  capsule,  and  thence 
like  a  little  cloud  they  swarm  as  zoospores  at  the  outlet,  that  is, 
over  the  edge  of  the  cup-like  mother-cell. 

As  noted  in  our  first  paper  a  distinguishing  trait  of  the  Sap- 
rolegnicz ,  is  the  issuance  from  the  sporangium  of  the  zoospores, 
or  motile  spores.  It  seems  to  me  that  these  swarms  of  this  marine 
fungus  must  consist  of  motile  sporidia.  But  on  two  points  we  need 
light — the  history  of  the  spore  development  or  complete  fruition 
— and  assured  knowledge  in  respect  to  the  absence  or  presence  of 
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the  rootlets  or  rhizoid  mycelia.  On  this  point  it  may  be  remarked, 
that  the  necessity  for  these  rootlets  is  not  the  same  in  the  Hip¬ 
pocampi,  and  the  percoid  fishes.  In  these  latter  the  scales  are 
very  thin  plates,  lapping  upon  each  other  shingle-wise,  hence,  easy 
for  the  mycelia  to  creep  tinder.  But  the  scales  of  the  sea-horse 
are  not  unlike  those  of  the  sturgeon — rising  to  a  point  at  the 
middle  like  the  boss  in  a  shield.  They  do  not  lap  on  one  another, 
but  so  to  speak,  are  soldered  to  the  epidermis.  Hence,  there 
are  spaces  of  naked  skin  between  these  plates,  and  on  them  the 
fungus  finds  place  for  attachment. 

I  think  then  of  this  marine  fungus,  enough  has  been  observed 
to  afford  marks  for  differentiation,  and  determination  from  all 
others.  Thus  I  will  attempt  a  definition  of  this  new  genus, 
and  new  species.  Its  habitat  on  fishes,  at  once  suggests  the 
Saprolegnice  as  its  family  relation.  A  striking  difference  appears 
in  the  form  of  the  thallus.  The  entire  plant  seems  to  be  a  cup¬ 
like,  or  funnel-shaped  capsule,  with  a  hood,  or  cap-like  oper¬ 
culum  ;  and  the  impossibility  to  differentiate  the  thallus  or 
plant  into  hyphse  and  mycelia. 

But  functional  features  are  more  important  than  morpholog¬ 
ical,  or  perhaps  it  is  better  to  say — in  respect  of  our  plant,  its 
physiology  is  more  significant  than  its  anatomy.  And  in  this 
view  I  find  marked  family  traits  or  resemblances. 

1.  The  spores  are  endogenous,  being  produced  in  a  mother¬ 
cell,  or  sporangium  with  no  other  organic  impact. 

2.  These  spores  when  ripe  attain  for  a  short  time,  a  few 
seconds  at  most,  a  self-assertive  force,  when  by  individual  and 
collective  enlargement  or  swelling,  they  raise  and  push  or  lift 
off  the  hood  which  caps  the  sporangium. 

3.  These  sporidia  are  self-moving  bodies,  and  their  motile 
force  is  not  derived  from  any  immediate  communicative  impact 
or  descent.  Hence  with  reference  to  this  mysterious  vitality 
they  are  well  called  zoospores,  while  with  regard  to  their  rushing 
movements  at  the  instant  of  escape  from  the  sporangium,  they 
are  called  motile  or  swarm-spores. 

4.  At  this  stage  these  motile  spores  are  hardly  worthy  the 
name  of  cells.  If  there  is  at  all  an  outer  and  inclosing  mem¬ 
brane  no  lens  has  shown  it,  hence  it  can  be  no  more  I  think 
than  the  film  of  the  dew-drop.  Their  appearance  is  that  of 
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irregular  roundish  masses  of  cohesive  granuloid  protoplasm. 
Some  vacuoles  seem  discernible,  but  beyond  this  my  y1^  water 
immersion  with  B  eye-piece  failed  to  go,  not  even  revealing  the 
usual  propelling  ciliae.  Yet  we  must  suppose  the  existence  of 
the  latter,  with  also  the  central  neucleus,  imbued  with  that  force 
necessary  to  the  coming  phenomena  of  life. 

5.  If  we  add  that  in  common  with  the  Saprolegnice  their 
home  is  aquatic,  their  habitat  as  parasites  is  the  fish,  and  their 
mission  to  weave  like  Dejanira  a  toxic  shroud  of  suffering  and 
death  upon  the  living,  the  resemblance  to  Saprolegnia  is  in 
some  particulars  quite  striking. 

I  feel  that  without  the  special  knowledge  of  the  fungologist, 
and  the  algologist,  it  becomes  one  to  be  modest  in  the  matter  of 
speculation.  Yet  it  may  not  be  presumptuous  in  this  con¬ 
nection  to  say  that  our  new  fungus  has  impressed  me  with  the  con¬ 
viction  that  the  believers  in  a  border  land  for  these  aquatic  molds 
between  the  fungi  and  the  algae  may  not  be  visionary  after  all. 

Regarding  our  fungus  as  a  novelty,  it  should  be  christened  in 
due  form,  for  before  it  can  go  into  scientific  registration,  it 
must  receive  a  canonical  description. 

Thallus,  an  infundibuloid  capsule,  or  sporangial  cell,  the 
basal  end,  an  imperforate  point,  often  a  little  curved,  constricted 
or  inflected  at  the  rim,  making  the  aperture  about  -f-  that  of  the 
diameter  across  the  face.  Fitting  to  this  a  membraneous  cap  or 
operculum,  very  variable  in  length,  and  form  of  the  posterior 
part.  Inside  the  capsule  a  hollow-core  of  somewhat  wavy  or 
irregular  parallel  planes,  their  inner  edges  making  a  well  in  the 
middle  of  the  capsule.  The  sporidia  from  these  hymeneal 
lamellae  issuing  into  the  well,  there  swelling,  the  mass  rising 
lifts  off  the  operculate  lid,  flows  over  the  rim,  and  thus  swarms 
from  the  mother-cell.  Neither  hypha  nor  mycelium  observed. 
History  of  the  spore  development  unknown.  Habitat-Parasitic 
on  the  marine  fish,  Hippocampus  heptagonus  Rafin. 

As  esteeming  the  scientific  zeal  of  a  member  of  our  society, 
the  species  is  named,  Devoea  infundibilis  Lockwood. 

Note. — Prof.  Bashford  Dean  suggests  the  question  :  “How  much  may  any  injury 
to  a  fish,  such  as  removes  the  external  mucus,  have  to  do  with  its  susceptibility 
to  the  fungus  ?  ”  As  perhaps  bearing  on  this  let  me  mention  that  the  egg  of  a 
Nereid  must  have  been  in  the  water  when  I  improvised  my  little  aquarium  for 
the  Hippies.  It  attained  a  growth  of  three  inches  in  length,  and  was  not  hurt  by 
the  fungus.  The  Nereids  are  smooth,  and  burrow  in  the  sand,  and  their  many 
joints  or  sections  afford  easy  places  for  the  fungus  to  attach  themselves. 
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INAUGURAL  ADDRESS  OF  THE  PRESIDENT, 

P.  H.  DUDLEY,  C.  E. 

(. Delivered  January  17  th,  1890.) 

In  the  selection  of  your  presiding  officer,  I  am  deeply  sensi¬ 
ble  of  the  honor  conferred,  and  not  unmindful  of  the  responsi¬ 
bilities  implied.  The  Society  has  now  entered  upon  the  thir¬ 
teenth  year  of  its  corporate  existence,  showing  even  in  this  busy 
city,  the  commercial  metropolis  of  the  country,  that  there  is  a 
necessity  and  demand  for  such  a  society  as  this.  By  its  support 
and  constant  growth  the  wisdom  of  its  incorporators  has  been 
shown.  As  members  of  the  Society  it  is  not  only  our  duty,  but 
also  our  pleasure,  to  take  up  the  work  they  so  well  began  and 
carry  it  on  with  a  will,  so  that  the  society  interests  may  be  duly 
enhanced. 

The  evidences  of  material  prosperity  are  before  you. 

1.  Ten  fine  microscope  stands. 

2.  A  cabinet  of  slides  containing  many  valuable  and  rare 
specimens. 

3.  A  library  containing  the  current  publications  of  interest  to 
the  Society. 

4.  And  last,  but  not  least,  the  publication  of  a  Quarterly 
Journal  of  the  proceedings  of  the  Society,  which  goes  to  all  parts 
of  the  civilized  world.  This  last  feature  I  believe  is  not  enjoyed 
by  any  similar  society  in  the  United  States.  These  are 
substantial  facts  in  which  each  one  can  take  a  just  pride  and 
feel  honored  by  being  a  member. 

The  building  up  and  maintaining  the  work  of  the  Society  can¬ 
not  be  best  done  by  a  few  individuals,  no  matter  how  important 
their  contributions  may  be,  but  by  the  combined  work  of  all  its 
individual  members.  It  is  not  necessary,  nor  is  it  expected, 
that  all  devote  their  energies  to  the  same  branch  ;  but  that  each 
work  in  that  which  is  of  special  interest  to  him.  One  of  the  im¬ 
portant  advantages  of  the  Society  is  that  members  can  bring 
their  special  work  before  a  body  where  it  will  be  appreciated, 
and  in  return  receive  that  sympathetic  stimulus  which  en¬ 
courages  them  to  greater  efforts.  O11  the  other  hand,  members 
who  are  not  working  in  that  special  field  gather  in  a  few  mo- 
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ments  the  results  which  have  taken  perhaps  weeks  and  months 
to  ascertain.  The  workers  and  hearers  are  mutually  benefited. 

Whether  the  microscope  is  used  as  an  instrument  purely  for 
scientific  research,  or  for  seeing  the  beauties  of  organized  struc¬ 
tures,  it  develops  and  broadens  the  conception  of  the  mind,  aid¬ 
ing  one  to  understand  and  take  advantage  of  many  of  the  laws 
which  control  matter.  As  stated  in  the  admirable  address  of 
our  retiring  President  at  the  last  meeting,  the  French  savant, 
Louis  Pasteur,  by  his  studies  on  Fermentation  with  the  micro¬ 
scope,  ascertained  the  laws  which  governed  it.  Fie  found  that  it 
was  due  to  the  growth  of  definite  organisms  in  every  case,  and  not 
due  to  spontaneous  generation.  Knowing  the  laws  of  the  growth 
of  those  organisms,  he  could  produce  fermentation,  or  check  it 
at  his  pleasure.  This  simple  truth  which  remained  hidden  for 
centuries  is  one  of  the  grandest  yet  revealed  by  the  microscope. 
Its  discovery  at  once  led  to  the  use  of  antiseptic  measures  in  sur¬ 
gery,  and  thousands  of  lives  have  been  saved  thereby.  Koch 
soon  took  up  the  principle,  enlarged  its  application,  and  discov¬ 
ered  the  bacillus  of  Asiatic  Cholera,  thus  materially  reducing  the 
dread  of  that  disease.  The  laws  of  the  growth  of  this  microbe 
are  now  so  well  known  that  the  spread  of  the  disease  can  be 
easily  checked  and  stamped  out. 

The  use  of  the  microscope  in  studying  the  sources  of  contam¬ 
ination  in  the  water  supplies  of  our  large  cities  is  hardly  less  im¬ 
portant.  In  nearly  every  department  of  applied  science  the  mi¬ 
croscope  forms  one  of  the  necessary  instruments  of  research,  and 
its  use  is  being  daily  extended.  The  use  of  the  microscope  in 
the  mechanical  arts,  as  an  instrument  of  precision  to  determine 
definite  lengths  and  sizes,  and  the  ability  to  duplicate  them  in 
quantities,  is  an  application  so  important  that  it  will  soon  exert 
a  reflex  influence  in  the  improvement  of  the  microscope  itself. 
The  mention  of  only  a  few  of  the  important  uses  of  the  micro¬ 
scope  is  alone  sufficient  to  show  its  great  value  to  mankind,  and 
that  it  is  highly  creditable  to  foster  its  use  and  disseminate  the 
truths  gained  thereby. 

In  taking  up  the  duties  of  the  position,  I  invite,  and  feel  confi¬ 
dent  that  I  shall  receive,  the  earnest  and  hearty  co-operation  of 
the  officers  and  individual  members  in  furthering  the  interests 
of  the  Society. 
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NOTES  ON  STAINING  SECTIONS  MADE  BY  THE 
PARAFFIN-PROCESS  ENCLOSED  IN  A  FILM 

OF  COLLODION. 

[Abstract  and  translation  from  an  article  by  Prof.  H.  Strasser,  in  Zeitschrift  fur  wis- 

senschaftliche  Mikroscopie,  vi.,  150  (1889).] 

BY  LUDWIG  RIEDERER. 

{Read  April  i%th,  1890.) 

Having  reported,  at  the  meeting  of  this  Society,  held  Decem¬ 
ber  6th,  1889  (see  Journal,  vi.,  56),  1st,  on  enclosing  sections 
in  a  film  of  collodion,  and  2d,  on  placing  them  on  provisory 
supports,  I  desire  now  to  give  an  abstract,  3d,  on  the  method 
of  the  subsequent  staining  of  such  sections,  in  case  the  object 
has  not  been  stained  before.  As  this  treatment  permits  the  use 
of  different  staining  fluids  on  the  same  series  of  sections,  its 
value  is  obvious. 

The  successive  steps  of  this  method  of  staining  are  as  follows: — 

a.  Fixing  the  paraffin-embedded  sections  in  collodion. 

b.  Hardening  the  collodion  to  a  film  by  turpentine. 

c.  Removing  the  film  to  aqueous  or  aqueous-alcoholic 
solutions. 

d.  Bringing  it  back  to  turpentine. 

e.  Enclosing  the  sections  on  provisory  supports  for  preserving, 
or  for  mounting  on  slides. 

a.  As  a  support  for  the  collodion-film  containing  the  sections 
during  the  whole  time  that  the  treatment  lasts,  no  more  paraf¬ 
fined  or  waxed  paper  is  used,  but  gummed  paper. 

Thin,  well-sized  paper,  of  smooth  surface,  is  caused  to  receive 
on  one  side  a  coat  of  a  thick  solution  of  gum-arabic  in  water,  con¬ 
taining  10  percent,  (by  volume)  of  glycerine.  A  mucilage  of  this 
composition  will  dry  completely,  and  the  film  produced  will 
have  no  cracks  and  will  be  flexible.  On  this  support  the  sec¬ 
tions  are  secured  in  collodion,  as  stated  in  the  first  paper,  by 
the  use  of  a  solution  of  collodion,  No.  1,  containing  two  parts 
of  collodion  and  one  part  of  castor-oil,  and  covered  by  solution, 
No.  2,  containing  equal  parts  of  collodion  and  castor-oil.  It  is 
necessary,  however,  to  give  a  supporting  plane  to  the  collodion- 
film,  on  which  it  will  remain  stretched,  as  if  on  a  drawing-board, 
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during  all  the  following  processes.  This  prevents  all  rolling  or 
folding,  as  well  as  the  shrivelling  of  the  film,  when  coming  suc¬ 
cessively  in  contact  with  liquids  of  different  specific  gravity  and 
of  different  chemical  qualities.  To  smooth  a  folded  or  rolled 
film  is  sometimes  very  tedious,  but  to  remove  wrinkles,  caused 
by  shrivelling,  is  impossible. 

Whenever  the  film  of  gum-arabic  comes  in  contact  with  water, 
it  is  dissolved,  and  the  paper  support  and  the  film  of  collodion 
are  separated.  This  premature  separation  can  be  prevented  in 
different  ways.  One  way  is  to  leave  outside  of  the  space 
intended  for  the  sections  a  margin  free  from  mucilage.  If  the 
solution  of  collodion  is  brushed  over  this  ungummed  paper,  the 
collodion  will  soak  the  paper  and  stick  fast  to  it.  Another  way 
is  to  fasten  and  cover  the  sections  in  the  manner  described,  but, 
before  the  immersion  in  turpentine,  a  dented  wheel,  such  as  is 
used  for  tracing  patterns,  is  run  along  a  line  outside  of  the  space 
containing  the  sections.  Through  the  holes  thus  made  the  col¬ 
lodion  comes  in  contact  with  the  paper  below  the  gummed  sur¬ 
face  and  sticks  to  it.  As  soon  as  the  treatment  is  finished,  col¬ 
lodion-film  and  paper-support  can  easily  be  separated  from  each 
other,  in  either  of  the  described  methods,  by  cutting  away  the 
lines  of  margin  where  collodion  and  paper  stick  together. 

b.  The  hardening  of  the  collodion  in  the  bath  of  turpentine 
takes  place  on  removing  the  alcohol,  ether  and  castor-oil,  these 
being  dissolved  by  the  turpentine.  For  the  purpose  of  doing 
this,  as  thoroughly  as  possible,  a  second  bath  of  fresh  turpentine 
is  to  be  used.  If  work  is  continued,  the  liquid  of  the  second 
bath  can  be  used  later  as  the  first  one.  Warming  the  baths 
slightly  will  shorten  the  time  required  for  the  removal  of  the 
films  from  the  liquids. 

c.  First,  the  surplus  of  turpentine  is  now  allowed  to  drain  off, 
then  the  support  with  the  film  is  put  between  thick  layers  of 
filtering  paper.  This  is  repeatedly  renewed,  and  the  whole  is 
subjected  to  a  constant  pressure  for  some  time.  The  sections 
are  not  likely  to  be  damaged  by  this  pressure,  if  the  collodion- 
film  is  not  too  thick,  and  has  before  been  sufficiently  hardened. 
Now  a  bath  of  equal  parts  by  weight  of  chloroform  and  95  per 
cent,  alcohol  is  employed  from  one-quarter  to  one-half  of  an 
hour,  to  remove  the  last  traces  of  turpentine.  If  then  transferred 
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to  alcohol  of  80  per  cent,  both  film  and  support  will  be  moist¬ 
ened  by  it.  This  fact  will  prove  that  the  turpentine  has  been 
successfully  removed.  In  this  alcohol  of  80  per  cent,  the  sec¬ 
tions  may  be  preserved  for  any  length  of  time. 

To  proceed,  a  bath  of  io  per  cent,  alcohol  follows  until  the 
film  is  thoroughly  soaked.  After  this  is  done  sections  and  film 
moisten,  when  in  contact  with  aqueous  solutions,  and  the  sections 
can  be  stained  by  the  proper  staining  fluids.  When  it  is  possible, 
however,  it  is  advisable  to  add  a  small  quantity  of  alcohol,  as  a 
small  percentage  of  this  in  staining  fluids  greatly  increases  their 
penetrating  power. 

In  case  two  different  liquids — one  as  a  mordant — are  to  be 
used  to  produce  the  staining,  it  is  necessary  to  employ  the  mor¬ 
dant  on  the  whole  object  before  the  embedding  process,  because 
in  this  way  the  collodion  and  paper  are  not  stained,  but  only 
the  sections.  Over- staining  is  reduced  in  the  usual  way. 

d.  For  the  purpose  of  transferring  the  film  and  support  to 
turpentine  again,  it  is  necessary  only  to  dry  both  superficially 
between  filtering  papers  and  then  to  immerse  them  in  creosote, 
oil  of  origanum  or  liquified  carbolic  acid  (i  to  3  xylol,  accord¬ 
ing  to  Weigert)  ;  or,  better,  to  bring  them  first  to  alcohol  of  80 
per  cent.,  before  employing  these  liquids.  Then  lay  this  sup¬ 
port — film  underneath — on  filtering  paper  soaked  with  creosote, 
and,  after  film  and  sections  are  made  transparent,  transfer  to 
turpentine. 

e.  Finally,  the  borders  or  lines  of  perforations  made  by  the 
dented  wheel  are  cut  off,  film  and  support — film  underneath — 
are  laid  on  thin  paper,  on  which  is  a  coat  of  rosin  and  turpen¬ 
tine.  Air-bubbles  between  paper  and  film  must  be  avoided, 
and  the  paper,  which  has  so  far  formed  the  support  is  pulled  off. 
A  coat  of  rosin  in  turpentine  is  applied  to  the  now  exposed  lower 
side  of  the  film,  and  another  thin  paper  laid  flat  on  this.  Tur¬ 
pentine  penetrating  the  thin  paper  must  be  blotted  off. 

Instead  of  enclosing  thus  in  rosin  and  a  provisory  support, 
the  film  with  the  sections  may  be  mounted  on  slides  in  the  usual 
way.  Numbers  or  notes,  to  be  enclosed  at  the  same  time  with 
the  sections  in  the  collodion-film,  should  be  written  on  thin 
paper  with  a  soft  lead-pencil,  or  with  india-ink. 
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PROCEEDINGS. 

Meeting  of  February  7 th,  1890. 

Owing  to  alterations  in  progress  at  the  rooms  of  the  Society, 
the  meeting  was  held  in  the  Natural  History  Hall  of  the  College 
of  the  City  of  New  York. 

The  Vice-President,  Mr.  J.  D.  Hyatt,  in  the  chair. 

Forty-five  persons  present. 

Dr.  William  Stratford  addressed  the  Society  on  “  Methods  in 
Photomicrography.”  This  address  was  illustrated  by  a  series  of 
photomicrographic  apparatus,  and  by  a  series  of  lantern  slides 
showing  stages  of  nettle-cells  of  Physalia  ;  living  diatoms, 
mainly  Heliopelta  and  Triceratia  ;  diatoms  in  stages  of  repro¬ 
duction  ;  and  injured  frustules  of  diatoms.  Perhaps  the  most 
beautiful  exhibit  of  the  collection  was  a  Suriella  gemma ,  taken 
under  a  Powell  and  Lealand  with  oblique  light  from  the 
prism,  in  the  green  band  of  the  spectrum,  showing  most  promi¬ 
nently  the  difficult  “  basket  work.” 

Mr.  L.  Riederer  read  a  Paper,  entitled  : — “  The  Ovipositor  of 
Cryptus  samiceP 

OBJECTS  EXHIBITED. 

1.  Transverse  section  of  ovipositor  of  the  ichneumon  fly, 
Cryptus  samice  :  by  L.  Riederer. 

2.  A  photomicrograph  of  Pleurosigma  angulatum,  X  4900, 
recently  received  from  Zeiss  :  by  P.  H.  Dudley. 


Meeting  of  February  21ST,  1890. 

The  President,  Mr.  P.  H.  Dudley,  in  the  chair. 

Sixteen  persons  present. 

President  Dudley  read  a  Paper  upon  the  Termites  of  the 
Isthmus  of  Panama,  referring  especially  to  the  genus  Calotermes. 
The  Paper  was  illustrated  by  numerous  specimens  of  different 
species,  portions  of  nests,  and  destructive  wood-borings,  together 
with  microscopic  slides  and  photographs  of  nests,  sent  by  Mr. 
J.  Beaumont,  of  Colon,  S.  A.  Mr.  L.  Riederer  exhibited  sec¬ 
tions  of  Queens  of  Termites  in  connection  with  the  above  Paper. 
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Mr.  Dudley  was  requested  to  repeat  this  Paper,  with  the  illus¬ 
trating  exhibits  at  a  subsequent  meeting  of  the  Society. 

Dr.  Paul  Hoffman  made  some  interesting  remarks  upon  the 
“  white-ants  ”  of  India. 

Dr.  Frank  D.  Skeel  exhibited  photomicrographs  of  sections 
of  chalcedony  and  silicified  wood,  taken  by  lamp-light  with  an 
inch  objective  of  his  own  grinding,  and  showed  some  prominent 
structural  characters,  photographed  by  polarized  light.  The 
mineral  sections  from  which  the  photographs  were  taken,  were 
ground  by  Mr.  J.  D.  Hyatt. 


.Meeting  of  March  7TH,  1890. 

The  President,  Mr.  P.  H.  Dudley,  in  the  chair. 

Twenty-one  persons  present. 

Dr.  Samuel  Lockwood  read  a  Paper,  entitled  “  Fungi  Affect¬ 
ing  Fishes.  An  Aquarium  Study.  First  Paper — Saprolegnia 
This  Paper  is  published  in  the  present  number  of  the  Journal, 
p.  67. 

The  subject  was  also  discussed  by  Messrs.  Dean,  Hoffman, 
Leggett  and  others. 


Meeting  of  March  21ST,  1890. 

The  President,  Mr.  P.  H.  Dudley,  in  the  chair. 

Twenty-five  persons  present. 

Mr.  Charles  S.  Shultz  announced  the  death  of  Mr.  Samuel 
Wilde,  a  Member  of  the  Society. 

Dr.  Samuel  Lockwood  read  a  Paper,  entitled  “  Fungi  Affect¬ 
ing  Fishes.  An  Aquarium  Study.  Second  Paper — Devasa .” 
This  Paper  was  illustrated  by  numerous  microscopical  prepara¬ 
tions,  and  is  published  in  the  present  number  of  the  Journal, 
p.  79. 

OBJECTS  EXHIBITED. 

1.  Wood-sections,  prepared  by  Mr.  Romeyn  B.  Hough  :  by 
Charles  S.  Shultz. 

2.  Diatoms,  384  forms  from  the  “  New  Santa  Monica  Find,” 
prepared  by  Moller  :  by  E.  A.  Schultze. 

3.  The  Koch  and  Woltz  microscopical  lamp  :  by  Geo.  E.  F. 
Haas. 
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Mr.  Haas  discussed  with  several  members  of  the  Society  some 
of  the  merits  and  defects  of  the  operation  of  the  bent  glass  rods 
of  this  lamp. 


Meeting  of  April  4TH,  1890. 

The  President,  Mr.  P.  H.  Dudley,  in  the  chair. 

Twenty-seven  persons  present. 

Mr.  William  G.  De  Witt,  of  the  Committee  on  Purchase  of 
Objectives,  reported  that  six  low-power  objectives  had  been 
purchased  for  the  use  of  the  Society. 

The  Corresponding  Secretary  read  a  communication  from  the 
University  of  Toronto,  requesting  the  donation  of  publications 
for  the  refurnishing  of  the  library  of  the  University,  lately 
destroyed  by  fire. 

On  motion  of  Mr.  Charles  F.  Cox,  the  Publication  Committee 
was  instructed  to  donate  to  the  University  of  Toronto,  a  com¬ 
plete  set  of  the  publications  of  the  Society. 

President  Dudley,  at  the  request  of  the  Society,  repeated  his 
Paper  of  February  21st,  1890,  on  “  The  Termites  of  the  Isthmus 
of  Panama.”  Mr.  Dudley  introduced  some  recent  work  of  Mr. 
J.  Beaumont,  of  Colon,  S.  A.,  in  connection  with  this  subject, 
and  illustrated  his  Paper  by  a  full  collection  of  the  insects,  and 
of  specimens  showing  their  operations.  After  the  reading  of 
the  Paper,  numerous  lantern  projections  were  thrown  upon  the 
screen,  consisting  of  many  photographic  views  taken  from  a 
train  while  in  motion  across  the  Isthmus,  and  also  of  many 
microscopical  mounts  of  the  Termites,  prepared  by  Mr.  L. 
Riederer,  as  announced  below. 

OBJECTS  EXHIBITED. 

1-9.  Nympha  of  Termes  minimus.  First  form,  showing  nine 
progressive  states  in  the  development  continuously  to  the  imago. 

10-12.  Nympha  of  Termes  minimus.  Second,  or  supplemen¬ 
tary  form.  Showing  three  progressive  states  as  above,  the  wing- 
pads  remaining  rudimentary. 

13.  Wing-pads  of  nympha  of  Eutermes. 

14.  Wing-stumps  of  young  queen  of  Eutermes. 

15.  Rudimentary  wings  of  supplementary  queen  of  Termes 


minimus. 


94  JOURNAL  OF  THE  [July, 

1 6.  Serial,  sagittal  sections  of  abdomen  of  male  Termes 
testaceous . 

17.  Serial,  sagittal  sections  of  abdomen  of  male  Euterm.es 
(  Termes  miles  nasutus). 

18.  Transverse  sections  of  abdomen  of  full  grown  queen  of 
Eutermes . 

19.  Sagittal  sections  of  abdomen  of  young  queen  of  Termes 
miles  nasutus. 

20.  Sagittal  sections  of  abdomen  of  young  queen  of 
Termes ,  sp. 

Dr.  Edw.  G.  Love  also  exhibited  twenty-five  photomicrographs, 
mainly  of  crystals  and  vegetable  tissues,  taken  by  polarized  light. 
Dr.  Love  stated  that  he  had  made  many  negatives  with  the  use 
of  polarized  light  ;  that  it  frequently  brings  out  details  which 
cannot  be  discerned  by  ordinary  light  ;  and  that  the  method 
was  well  adapted  to  vegetable  structures,  such  as  starch-grains, 
wood-sections,  &c.  The  subject  was  also  discussed  by  Messrs. 
Dean,  Cox  and  Dr.  Skeel. 
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PUBLICATIONS  RECEIVED. 

The  Microscope  :  Vol.  X.,  Nos.  3,  4  (March,  April,  1890). 

The  American  Monthly  Microscopical  Journal  :  Vol.  XI.,  Nos.  3-5 
(March-May,  1890). 

The  Microscopical  Bulletin  and  Science  News  :  Vol.  VIII.,  No.  2  (April, 
1890). 

The  Natural  Science  Association  of  Staten  Island,  Proceedings  :  (March  13- 
May  8,  1890). 

The  San  Francisco  Microscopical  Society,  Proceedings  :  (February  26-April 
23,  1890). 

Bulletin  of  the  Torrey  Botanical  Club  :  Vol.  XVII.,  Nos.  3-5  (March- 
May,  1890). 

The  Journal  of  Mycology:  Vol.  V.,  No.  4 — Vol.  VI.,  No.  1  (December, 
1889-March,  1890). 

The  Botanical  Gazette  :  Vol.  XV.,  Nos.  2-5  (February-May,  1890). 

Psyche  :  Vol.  IV.,  Nos.  138-140 — Vol.  V.,  Nos.  167-169  (October,  1889- 
May,  1890).  Index  to  Vol.  IV. 

Entomologica  Americana:  Vol.  VI.,  Nos.  4-6  (April-June,  1890). 

Insect  Life  :  Vol.  II.,  Nos.  9,  10  (March,  April,  1890). 

Agricultural  Experiment  Station  of  Alabama  :  Bulletins  Nos.  11-15  (Febru¬ 
ary- April,  1890). 

Agricultural  Experiment  Station  of  Michigan  :  Bulletins  Nos.  57-60  (March- 
April,  1890). 

Agricultural  Experiment  Station  of  Cornell  University  :  Bulletins  Nos.  15, 
16  (December,  1889-March,  1890). 

Bulletin  of  the  Washburn  College  Laboratory  of  Natural  History  :  Vol.  II., 
No.  11  (March,  1890). 

Transactions  of  the  Kansas  Academy  of  Science:  Vols.  VIII.-X.  (1881-1886). 

Transactions  of  the  New  York  Academy  of  Sciences  :  Vol.  IX.,  Nos.  1,  2 
(1889-90). 

School  of  Mines  Quarterly:  Vol.  XI.,  No.  3  (April,  1890).  Index  to  Vols. 
I.-IX. 

Bulletin  of  the  Essex  Institute  :  Vol.  XXI.,  Nos.  7-12  (July-December, 
1889). 

Journal  of  the  Cincinnati  Society  of  Natural  History:  Vol.  XII.,  No.  4 
(January,  1890). 

Proceedings  of  the  California  Academy  of  Sciences  :  Vol.  II.  (1889). 

Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia  :  Part  3 
(October-December,  1889). 

Journal  of  the  Elisha  Mitchell  Scientific  Society:  Vol.  VI.,  Part  2  (July- 
December,  1889). 
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American  Museum  of  Natural  History:  Bulletin,  Vol.  II.,  Nos.  3,  4 
(December,  1889-February,  1890)  ;  Annual  Report  (1S90). 

Transactions  of  the  Massachusetts  Horticultural  Society  :  Part  2  (1888). 

Journal  of  the  Royal  Microscopical  Society  :  (1890).  Part  2. 

Journal  of  Microscopy  and  Natural  Science  :  Vol.  III.,  No.  2  (April,  1890). 

Grevillea  :  Vol.  XVIII.,  No.  87  (March,  1890). 

The  Naturalist :  Nos.  176-179  (March-June,  1890). 

The  Canadian  Record  of  Science  :  VoL  IV.,  No.  2  (April,  1890). 

The  Ottawa  Naturalist :  Vol.  III.,  No.  4 — Vol.  IV.,  No.  3  (March-June, 
1890). 

The  Historical  and  Scientific  Society  of  Manitoba  :  Transactions,  Nos.  36- 
39  (1889-90)  ;  Annual  Report  (1889). 

Royal  Society  of  New  South  Wales:  Journal,  Vol  XXIII.,  Part  1  (1889). 
Catalogue  of  Scientific  Books  in  the  Library  (1899). 

The  Victorian  Naturalist  :  Vol.  VI.,  Nos.  10,  n  (February,  March,  1890). 

Anthony’s  Photographic  Bulletin  :  Vol.  XXI.,  Nos.  6-io  (March  22-May 
24,  1890). 

The  Brooklyn  Medical  Journal  :  Vol.  IV.,  Nos.  4-6  (April-June,  1890). 

Indiana  Medical  Journal :  Vol.  VIII.,  Nos.  9-1 1  (March-May,  1890). 

The  Satellite  :  Vol.  III.,  Nos.  7,  8  (March,  April,  1890). 

The  Hahnemannian  Monthly  :  Vol.  XXV.,  Nos.  4-6  (April-June,  1890). 

Johns  Hopkins  University  Circulars  :  Vol.  IX.,  Nos.  80,  81  (April,  May, 
1890). 

The  American  Lancet:  Vol.  XIV.,  Nos.  3-5  (March-May,  1890). 

The  Pacific  Record  of  Medicine  and  Surgery  :  Vol.  IV.,  Nos.  8-10  (March- 
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I.  Numerical  Aperture  Table.* 

The  “  Apekiure’’  of  an  optical  instrument  indicates  its  greater  or  less  capacity  for  reCot^i 
rays  from  the  object  ancl  transmitting  them  to  the  image,  and  the  aperture  of  a  Microsco^; 
objective  is  therefore  determined  by  the  ratio  between  its  focal  length  and  the  diameter  of  the 
emergent  pencil  at  the  plane  of  its  emergence — that  is,  the  utilized  diameter  of  a  single-lens 
objective  or  of  the  back  lens  of  a  compound  objective.  . 

This  ratio  is  expressed  for  all  media  and  in  all  cases  by  n  sin  ^t,  n  being  the  refractive  index  of 
the  medium  andu  the  semi-angle  of  aperture.  The  value  of  n  sin  u  for  any  particular  case  is 


Numerical 

Aperture. 

(n  sin  u  =.  a.) 

Angle  of  Aperture  (= 

2  u.) 

Illuminat¬ 
ing  Power. 

(a  2.) 

Theoretical  Re 
solving  Power, 
in  Lines  to  an 
Inch. 

(A  =  0'5269  y 
=  line  E.) 

Penetrat¬ 
ing  Power. 

(i) 

Dry 

Objectives. 

in  =  1  ) 

Water- 

Immersion 

Objectives. 

(n  =  133.) 

Homogeneous- 
Immersion 
Objectives. 
in  =  1-52.) 

1-52 

180°  0' 

2-310 

146,528 

•658 

1-50 

161°  23' 

2*250 

144,600 

*667 

1-48 

153°  39' 

2-190 

142,672 

*676 

1-40 

147°  42' 

2-132 

140,744 

•685 

144 

142°  40' 

2  074 

138,816 

*694 

1-42 

138°  12' 

2-016 

136,888 

•704 

140 

134°  10' 

1*960 

134,960 

*714 

138 

130°  2< 

1-904 

133,032 

•725 

1-30 

126°  57 

1-850 

131,104 

•735 

1-34 

123°  40' 

1*796 

129,176 

•746 

133 

180°  0' 

122°  6' 

1*770 

128,212 

•752 

132 

165°  56' 

120°  33' 

1-742 

127,248 

•758 

!• 30 

155°  38' 

117°  34' 

1-690 

125,320 

•769 

1-28 

148°  28' 

114°  44' 

1-638 

123,392 

•781 

120 

142°  39' 

111°  59' 

1*588 

121,464 

•794 

1-24 

137°  36' 

109°  20' 

1-538 

119,536 

•806 

122 

133°  4' 

106°  45' 

■  1-488 

117,608 

•820 

1*20 

128°  55' 

104°  15' 

1-440 

115,680 

•833 

1-  18 

125°  3' 

101°  50' 

1-392 

113,752 

•847 

1-10 

121°  26' 

99°  29' 

1-346 

111,824 

•862 

V 14 

118°  0' 

97°  11' 

1*300 

109,896 

•877 

1-12 

114°  44' 

94°  56' 

1*254 

107,968 

•893 

VlO 

111°  36' 

92°  43' 

1-210 

106,040 

•909 

108 

108°  36' 

90°  33' 

1-166 

104,112 

•926 

1-00 

105°  42' 

88°  26' 

1-124 

102,184 

•943 

1-04 

102°  53' 

86°  21' 

1-082 

100,256 

•962 

V02 

100°  10' 

84°  18' 

1-040 

98,328 

•980 

1  00 

180°  0' 

97°  31' 

82°  17' 

1*000 

96,400 

1-000 

0-08 

157°  2' 

94°  56' 

80°  17' 

*960 

94,472 

1020 

0-90 

147°  29' 

92°  24' 

78°  20' 

*922 

92,544 

1-042 

094 

140°  6' 

89°  56' 

76°  24' 

*884 

90,616 

1-064 

0-92 

133°  51' 

87°  32' 

74°  30' 

*846 

88,688 

1-087 

090 

128°  19' 

85°  10' 

72°  36' 

•810 

86,760 

1-111 

0 -  88 

123°  17' 

82°  51' 

70°  44' 

•774 

84,832 

1-136 

0 -  80 

118°  38' 

80°  34' 

68°  54' 

•740 

82, 904 

1163 

0-84 

114°  17' 

78°  20' 

67°  6' 

•706 

80,976 

1-190 

O-  82 

110°  10' 

76°  8' 

65°  18' 

•672 

79,048 

1-220 

0-80 

106°  16' 

73°  58' 

63°  31' 

•640 

77,120 

1  250 

O-  78 

102°  31' 

71°  49' 

61°  45' 

•608 

75,192 

1-282 

0-70 

98°  56' 

69°  42' 

60°  0' 

*578 

73,264 

1-316 

O-  74 

95°  28' 

67°  36' 

58°  16' 

•548 

71,336 

1-351 

0-72 

92°  6' 

65°  32' 

56°  32' 

•518 

69,408 

1-389 

0-70 

,  88°  51' 

63°  31' 

54°  50' 

•490 

67,480 

1-429 

0-08 

)  85°  41' 

61°  30' 

53°  9' 

*462 

65, 552 

1-471 

0-00 

)  82°  36' 

59°  30' 

51°  28' 

•436 

63,624 

1-515 

O-  04 

79°  35' 

57°  31' 

49°  48' 

*410 

61,696 

1-562 

0-02 

76°  38' 

55°  34' 

48°  9' 

*384 

59,768 

1-613 

ooo 

73°  44' 

53°  38' 

46°  30' 

•360 

57,840 

1-667 

0-58 

70°  54' 

51°  42' 

44°  51' 

•336 

55,912 

1-724 

0-50 

68°  6' 

49°  48' 

43°  14' 

•314 

1  53, 984 

1-786 

0-54 

65°  22' 

47°  54' 

41°  37' 

•292 

l  52, 056 

1-852 

0-5)2 

62°  40' 

46°  2' 

40°  0' 

*270 

50,128 

1-923 

0-50 

60°  0' 

1  440  10' 

38°  24' 

*250 

48,200 

2-000 

oil-immersion,  would  be  compared  on  the  angular  aperture  view  as  follows : — 10b  (air),  lo* 
(air),  142°  (water),  130°  (oil).  . 

Their  actual  apertures  are,  however,  as  80  (air),  *98  (air),  T26  (water),  1*38  (oil),  or  their  numerical 

apei  tuies  *  From  The  Journal  of  the  Royal  Microscopical  Society. 
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II.  Conversion  of  British  and  Metric  Measures. 


(1.)  Lineal. 

Micromillimetres,  &c.,  into  Inches,  &c. 


v- 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

60 
70 
80 
90 
100 
200 
300 
400 
500 
600 
700 
800 
900 
1000  ( 


ins. 

•000039 

•000079 

•000118 

•000157 

•000197 

•000236 

•000276 

•000315 

•000354 

•000394 

•000433 

•000472 

•000512 

•000551 

•000591 

•000630 

•000669 

•000709 

•000748 

•000787 

•000827 

•000866 

•000906 

•000945 

•000984 

•001024 

•001063 

•001102 

•001142 

•001181 

•001220 

•001260 

•001299 

•001839 

•001378 

•001417 

•001457 

•001496 

•001535 

•001575 

•001614 

‘001654 

•001693 

•001732 

•001772 

•001811 

•001850 

•001890 

•001929 

•001969 

•002362 

•002756 

•003150 

•003543 

•003937 

‘007874 

•011811 

•015748 

•019685 

•023622 

•027559 

•031496 

•035433 


mm. 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


1  mm.) 


(1  cm). 


(2  cm.) 


1 

1* 

1- 

1* 

(3  cm.)  1' 

1- 

L 

1' 

V 

V 
1 
1 
1 
1 

(4  cm.)  1 
1 
1 
1 
1 
1 
1 
1 
1 


(5  cm.) 


ins. 

039370 

078741 

■118111 

157482 

•196852 

•236223 

•275593 

•314963 

•354334 

•393704 

•433075 

•472445 

•511816 

•551186 

•590556 

•629927 

•669297 

•708668 

•748038 

•787409 

•826779 

•866150 

•905520 

•944890 

•984261 

•023631 

•063002 

•102372 

•141743 

•181113 

•220483 

•259854 

299224 

338595 

377965 

•417336 

■456706 

•496076 

•535447 

•574817 

•614188 

•653558 

•692929 

•732299 

•771669 

•811040 

•850410 

•889781 

1-929151 

1-968522 


(6  cm. 


(7  cm.) 


mm. 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80  (8  cm.) 

81 
82 

83 

84 

85 

86 

87 

88 

89 

90  ( 9  cm.) 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100  (10  cm.- 


ins. 

2-007892 
2*047262 
2-086633 
2  126003 
2-165374 
2-204744 
2-244115 
2-283485 
2-322855 

2  362226 

2-401596 

2-440967 

2-480337 

2-519708 

2-559078 

2-598449 

2-637819 

2-677189 

2-716560 

2-755930 

2.795301 

2*834671 

2-874042 

2-913412 

2- 952782 
2.992153 

3  031523 

3- 070894 
3-110264 
3-149635 

3-189005 
3  228375 
3*267746 
3-307116 
3-346487 
3-385857 
3  425228 
3-464598 
3  503968 
3-543339 
3*582709 
3*622080 
3-661450 
3*700820 
3  740191 
3-779561 
3-818932 
3-858302 
3-897673 
*  1  decim.) 


Inches,  &c.,  into 
Microniillirnetres, 
c See. 

1-015991 
1-269989 

1- 693318 

2- 539977 

2- 822197 

3- 174972 

3- 628539 

4- 233295 

5- 079954 

6- 349943 
8-466591 

12-699886 
25-399772 


decim.  ins. 

1  3-937043 

2  7*874086 

3  11-811130 

4  15*748173 

5  19-685216 

6  23-622259 

7  27-559302 

8  31-496346 

f)  35*433389 

10  (1  metre)  39*370432 

=  3-280869  ft. 
=  1*093623  yds. 


ins. 

¥¥¥¥¥ 

¥¥¥¥¥ 

tj>¥¥¥ 

T¥¥¥¥ 

¥75  ¥77 
T777777 
¥¥¥¥ 
¥¥7777 
¥¥¥¥ 
30¥¥ 
2¥¥¥ 
T¥¥¥ 


¥¥¥ 

¥¥¥ 

1 

7  75¥ 

¥¥¥ 

¥¥¥ 

¥¥¥ 

¥¥¥ 

¥¥¥ 

¥¥¥ 

¥¥¥ 

¥¥¥ 

1 

"15  0 

T¥¥ 

1 

¥¥ 

1 

¥¥ 

1 

¥¥ 

1 

T¥ 

1 

T7> 

1 


l¥ 

1 

8 

1 

¥ 

3 

T¥ 

1 

¥ 

1 

¥ 

5 

T7> 

3 

¥ 


l¥ 

* 

9 

T¥ 
5 
¥ 
1 1 
T¥ 
3 
¥ 
1  3 
T¥ 

7 

8 

1  5 

T1 


2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
1  ft. 

l  yd.  = 


mm. 
•028222 
•031750 
•036285 
•042333 
•050800 
•056444 
•063499 
•072571 
•084666 
•101599 
*126909 
•169332 
•253998 
*507995 
1-01599  L 
1-269989 
1-587486 

1- 693318 
2*116648 

2- 539977 

3- 174972 
4*233295 
4  762457 
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